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THE SEECOBOE30TQ1EIRIC BEEERMIHATIOI OF URANIUM 

BJ ,QF THE AZ3BE 101

By H« I, Feinstein 

ABSTRACT

A method has been devised for the spectrophotometrie determination 

of uranium by means of the azide ion* The method possesses serrexfel 

advantages over the various thiocyanate procedures. It has a slightly 

higher sensitivity, an aqueous medium is used, and the reaction product 

is more stable*

Within the concentration limits tested, Beer's law is obeyed,,

Univalent anions derived from halogenoids or pseudohalogeas possess 

striking similarities both to the halogens and to themselves (Moelier, 1952)« 

Two such halogenoid anions are the thiocyanate ion and the azide ion, both 

of which have the same electronic structure (Pauling, 1950). Hot only are
_ »* #*_•» I- « » • ».,«"r.g. O r»oow.] r o W ooH o "W o l
l,«M»»W 9 »i»»J j_ o il o « i < o o -tl o j

their electronic structures similar but their chemical behavior with such 

ions as ferric, lead, silver, and thallous are closely parallel 0 As it is 

well known that thiocyanate produces a yellow color with uranium (VI), it 

was hoped that azide might react in a similar fashion and that the color 

produced might be utilized for the quantitative determination of uranium. 

Tests showed that a yellow is produced the intensity of which is proportional 

to the concentration of uranium.



The absorbancy of a solution containing 1 mg uranium per 25 ml under 

comparable conditions of wavelength (575 rau.) is 0*750 for the uranlum«azicLe 

system, 0.620 for the uranium- thioeyanate system in 3s 2 acetone s water 

(Crouthamel and Johnson, 1952), and 0*8^0 for uranium~thioeyanate in ethyl 

aeetate-aeetone-water (DeSesa and Nietzel, 195^ )• The molar

index, aM , ( vv v — -~rc ——— ~ —— x — r? — 9 wnere cell length in these systems 3 M» x cell length x concentration' ^ J

is in centimeters and concentration is in moles per liter) is ¥j-50, 5^90, 

and 5000, respectively. At 3&0 mp., however, the molar absorbancy index of 

the uranium-azide system is 5300. Hence, the uranium-azide reaction is more 

sensitive than the uranium-thiocyanate reaction in acetone water but not 

quite as sensitive as the uranium-thiocyanate reaction in ethyl acetate 

acetone water at 375 B%I« Furthermore, an aqueous solution of the azl-de 

reagent is used which is considerably more stable than the acetone solution 

of thiocyanate usually employed. Another advantage of the aside method is the 

greater stability of the colored product.

Because of the interest in uranium analysis at this time, this report 

is being issued to encourage further investigations with this reagent*

EXPERIMENTAL DATA 

Spectrum of uranyl azide complex

The absorption spectrum of the uranyl azide system was determined on a 

solution (25 ml total volume) containing 1 mg uranium, 5 nil of 7 percent 

HNOa, and 20 ml of 3 molar sodium azide, with water as reference, using a 

Beckman recording speetrophotometer . There is an increase in absorbancy as 

the wavelength decreases from 530 mjj. (fig. l)» For further work a wavelengtb. 

of 3^0 ffiji was chosen because this gives good sensitivity.
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Figure 1.—Spectrum of uranyl azide.
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Concentration of azide

The absorbaney of a solution (25 ml total volume) containing 0, 0.1, 

and 1 mg uranium and 5 znl of 7 percent HlOs varies with azide concentration 

(table 1),

Table 1*—Absorbaney as a function of azide concentration, Each 
solution contains 5 ml of 7 percent ESOs per 25 ml* 7 = 
slit width = 0.10 mm, 1 cm silica cells, reference water

U (mg)

0

0

O

0

0.1

0.1

0.1

Q.I

1.0

1.0

1.0

1.0

3 molar Ha% (ml)

5

10

15

20

5

10

15

20

5

10

15

20

Absorbancy

0«017

0»020

0.020

O.OJ2

0.091

0.098

0*103

0*111

0,7^

0.852

0.880

0.895

Nitric acid concentration

Only one acid, nitric acid, has so far been tried. With 0, 0.1, and 

1 mg uranium, increasing the acid concentration in a solution containing 

20 ml of 3 molar Sals is accompanied by increasing absorbancy at lower acidity



and bleaching at higher acidity (table 2).

Sable 2 - -~Absorbaney as a function of acid concentration* Each 
solution contains 20 ml of 3 molar sodium azide per 25 ml 
of solution. 7 « 360 BJJJ,, slit width = 0*10 mm, 1 cm silloa 
cells, reference water.

U (mg)

0

0

0.1

0.1

0.1

0.1

0.1

1.0

1.0

1.0

1.0

1.0

Equivalent of 7 percent 
HH03 (ml)

0

5

1

5

15

30

60

1

5

15

30

60

Absorbancy

Oo033

0«032 *

0,093

0.111

0,122

o.iia

O.O^-T

0.835

0.895

0.915
0,895

0*046

Stability of the color

The yellow color produced vhen 1 mg U in 5 ml of 7 percent HKC^ was 

treated with 2O ml of 3 molar sodium azide was found to be stable for at 

least 20 hours.



Working curve

For the working curve (fig. 2), a standard stock solution of uranium 

containing 1 mg uranium per ml in 7 percent nitric acid (7+93) ^a^ prepared 

from 99*96 percent D^Os (MS-ST), Sach solution measured contained the 

required amount of uranium, 5 ml of 7 percent OTOa (7+93) and 20 ml of 3 

molar sodium azide all in a volume of 25 ml. The sodium azide •was added 

last, Absorbancies were measured in 1-cm silica cells (eorex will do), with 

a Beckman BU spectr©photometer, at a wavelength of 3^0 mu and slit width of 

0,10 mm corresponding to an effective band width of 0,7 najj,.

Interfering elements

A systematic study of interfering elements has not as yet been made<> 

However, under the conditions described, many hydroxides and azides -would be 

expected to precipitate. Hence the application of the azide reaction to 

practical uranium analysis would require the absence of most of the other 

metals with the exception of the alkalis and the alkaline earths,

Procedure

Beckman DU spectrophotometer (or equivalent), with 1-cm silica or corex 

cells, can be used,

Nitric acid (7 percent), 70 ml of the concentrated acid are added to 

930 ml of water.

Sodium azide (5 molar), 195 g of the best available sodium azide are 

dissolved in water at room temperature, filtered, and diluted to 1 liter in a 

volumetric flask,

The uranium-containing solution, free of interfering elements, preferably 

containing about 1 mg uranium in nitric acid solution, is evaporated to



1.
5

1
.0

H
 

O

0
.5

0,

F
ig

u
re

 2
0«

.«
¥o

r.
ki

ng
 .

cu
rv

e

1
.0

p
er

 2
5 

m
l 

o
f 

so
lu

ti
o
n

1.
5

2
.0



11

dryness in a beaker. The residue is dissolved in. 5 ml. of J percent nitric 

acid solution and transferred to a dry 25-ml volumetric flasko The beaker 

is rinsed with several small portions of the 3 molar sodium azide and trans­ 

ferred to the volumetric flask using only the sodium azide reagent for 

diluting to volume e Absorbaney is measured in the Beckman spectrophotometer 

at a wavelength of 3&0 mp. in a 1-cm cell using water as reference * Alterna­ 

tively, a curve could be constructed using the reagents as reference and the 

procedure varied accordingly*

Hydrazoic acid and the metal azides are explosive and toxic and should 

be handled with care*

This investigation is part of a program being conducted by the Geological 

Survey on behalf of the Division of Raw Materials of the U. S. Atomic Energy 

Commission,
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